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05& (����	������ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,
056 0 .���� 7���������� 8���� /�� 0
���� . 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,

0565& ��� /����� ��	 �� �����
�9 . .������  ��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 :
05656 ��� (��������� �; ��� 2�����9 4���
�������� ��	 ��� ���
�	��� 1���� 5 5 5 5 5 5 5 5 &)
0565) �������� � .���
� ����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &<

05) 2�������� ��	 2���������� 2== 2/0..(2 2
����� ��	 4�
���
� (���������� >��� 2����'
������ #���>��	 7�
�������% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &<
05)5& ����� ���	
�� #�� ���% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &<
05)56 2����������� (���������� ��	 0
��������� 2
����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &:
05)5) 4��� �� 	�
������� ��	 �2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 66

05? �/�4��� ��	 �
��������� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6)

� �
� ���!��� %.����� /0

�5& �����
� &9 �>� .������  ���� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 )*
�56 �����
� 69 4����� � ������ �,� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ))

1 �'*% �2 �'*% �%+�&'��'#� /3

� � -�� ������� 
- ��� ��	 ��� /3

25& �/�4��� ��	 �/�4���9 �/ ��	 �/ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 )+
256  ��
@, ����� A#B% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 )B
25)  ��
 �
������ 0���� C#B% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 )B
25? ���� ��3�
��� 0���� C.#B% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 )B

25?5& 7�D������ �; ���� ��3�
��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 )<
25?56 �����
�"��� ��� ���� ��3�
��� �� �2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 )<

25+ ��� ���� 70409 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ),
25B ��� ���� �! 40/�! 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ),
25< ��� ���� 8�(E� .0/ �0C/! 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ),
25, ��� 4�	�
� �������� 2�������� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ):
25: ��� 4�	�
� ��
� ���	
�� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ):

� +� &#���'#� �'+�-405 ��� �
	��� &
����
� �� 60

75& ����� 7���������� �; ��� 4�	�
� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?*
756 !��������� �� ���� 4����� �2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?&

% +� % �%�� �#*2�-40 6/

�5& ��� ���
���3� ��������� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?)
�56 ���  �0/ , ���� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?)
�5) ��� #F% 0��������� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?)

�5)5&  �0/ , �0/B9 CFA 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?)
�5)56  �0/B �0/ ,9 AFC 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?)
�5)5)  �0/ , �0/ ,9 C6FC& 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ??
�5)5? ��E ,409 C.F4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ??
�5)5+  �0/B��E ,9 AFC. 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ??
�5)5B (�����
�"��� �� ��3�
��� >��� ��E ,� �� ��E ,���E9 C.F� �� C.F��E 5 5 5 5 5 ??
�5)5< ���������� ��� ������	 ��3�
��� >��� ���E ,9 �FC. 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ??

�5? ��� !������� = 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ??
�5+ ���  (�� ��	 70 (�� (����;��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ??

�5+5& ������� ��	  ��	��� 0����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ??
�5+56 ������� � ���� ��3�
��� C. 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?+

�5B ��� 0//!2 ��	 $(// (����;��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?+
�5B5& 0

������� 0����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?+

�5< ��� 2������  ������ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?+
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� +� � �#* �%��*��%�-40 ��	 +� � ������� �2 7'���-40 68

�5& 7��
��� >��� !/ �/!2$ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?B
�56 7��
��� >��� G! $ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ?,

9 +	 %:�*'�%���-40 64

15& 2����� >��� ��� .H����  ��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +*
156 �����
����� �� �
�����9 ����������	�
��������
� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +*
15)  ������� �� �
�����9  !� CI�  !� AI� ��	  !� AC 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +*

15)5& ���  �������  !� AC �� ��� �����3���� 
��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +&
15)56 ���  ��������  !� AI ��	  !� CI 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +&

15? 0 4����� �; ��������3�9 0�� >� ������� ����J 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +6
15?5& 7�D���� ������� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +6
15?56 0� �����
�9 ������ 8���� ��� 2���������� ����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +)
15?5) .��� �����
�9 ��>� 8���� ������� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +)
15?5? ���
��� �; 2����������9 7������������K 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +?

15+  ������� �; .	 �82/(7�0� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ++

) +� �&��%�-40 38

�5& ��� 2����� ��	 ��� ������ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +B
�56 .���������� �; . � 04� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +<

' +- +���:+�-40 34

(5& 2�������� �; .; .�0�8.5;:* 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 +:
(56 �C� G! $ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B&
(5) �C� !/ �/!2$ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B&
(5? �C� 401��� 2�0 � 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B&
(5+ �C� (��� �0/ .�0�� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B&
(5B 7�D��	 .����� ��	 !��������� �� .����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B&

(5B5& ��� ����� .����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B6
(5B56 ��� ������
 ����� .����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B6
(5B5) 40$� .�0��.9 (�����
�"�� �2 ��	 .�
3�� 4��>�

L� �H������� 5 5 5 5 5 5 5 5 5 5 5 B6
(5B5? 0		����� �; .�����9 .&=.6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B)
(5B5+ .���������� �; .�����9 .&'.6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B)
(5B5B 8���� 
��9 =.& 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B)
(5B5< .�0��M�A02�4(. 3����� �/�4���M�A02�4(. 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B)
(5B5, .�0��M� (�1� 3����� �/�4���M� 4� (�1� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B)
(5B5: ������� � .����9  (�� . 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B)
(5B5&* 870�� .�0��. 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B?
(5B5&& 2/�0 .�0��. 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B?

(5< (�����
�"��� � >����� �29 (�(� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B?
(5<5& (�(� �� � 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B?
(5<56 (�(� �� �2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B+

(5, 8��� 7�D��	 (���������� �� .������ �'7����	���� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 BB

; +� 0 �'��%��-40 8,

7 +� �%� 7'���-40 84

$5& /��� �; 4����� ����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B:
$56 (���������� �; �
����� ���������9 7�
������� �� �! � 0�:* 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <*
$5) .��� 4����������  �������9 I������� 0//!2 ��	 $(// 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <&

$5)5& ��� #F% 0��������� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <&
$5)56 4��� (����;���� ;�� 0//!2 ��	 $(// 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <6

$5? 4��� ����� ��� 4������ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <6
$5?5& 7 (��&9 7��;� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <6
$5?56 7$769 7��;�'$���'7��;� �
����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <6
$5?5) $(2$�)9 ���� 4�
����
� $��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <)
$5?5? 20E?9  � 2�3��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <)
$5?5+ .!/+9 ��� 2������	 �������� .�
����	 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <?

)



$5?5B $�$9 7�
��'	����	��� N��	����� ����
������ ��	 4�
����
� $���� 5 5 5 5 5 5 5 5 5 5 <?
$5?5< �$�� 9 N��	����� ����
������� 7�
��'2����������� ��	 4�
����
� $���� 5 5 5 5 5 5 5 5 <+
$5?5, �.4( ��	 ..4(9 .���
� 4�
����
� ���� $���� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <B
$5?5: ��0!�9 ��� ����� .����� ���	 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <B
$5?5&* 4!� 9 4������� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <<
$5?5&& �.��849 �
������ .����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <,
$5?5&6 .� �A9 ��� ����� 1������  �������
�� ���	 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <,
$5?5&) .!/�9 7�
��'	����	��� N��	����� ����
������ >��� � .�
����	�
 ���� ��	 4�
����
�

$���� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 <:
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/5& 2�������� ��	 (������
  ������� �; .� 7�� �/�4���5;:* 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,*
/5&5& I� ! 0��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,*
/5&56 0/G0C. �A02�4(. ��	 0/G0C. � (�1� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,*
/5&5) ��� /�����
 ���7 *2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,*
/5&5? �� I ��	 ��(���� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,*
/5&5+ 4!7 �#(�-% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,*
/5&5B  �.��)&#�/%� �.0�(�#/�E%� ��	 .�� �.0�(� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,*
/5&5< E� �!.� ��	 1�� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,*

/56 ����� >���� ;��������
��� �� 	�D��	 �� .� 7�� �/�4���5;:* 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,&
/5) 2������ �/�4��� ��	 �/�4���9 2!C ��	 �N80/ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,&
/5? ��� 0��������� #F% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,6

/5?5& �/#%F(���1� 9 I� ! �/ ��	 I� ! �/ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,6
/5?56 �/#%F.�0�� 9 401.�0�� ��	 401.�0�� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,6
/5?5) ��� ����#G! $%9 7����� ������ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,6
/5?5? ��� ����#48/ �/!2$%9 2������� ��� �� ��	 �� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,)
/5?5+ �����
� �; ���'���3��
 8�� �; ����� 48/ �/!2$ ��	 G! $ 5 5 5 5 5 5 5 5 5 5 5 ,?
/5?5B .������ ��� $���� 8���� � !/ �/!2$9  ������� �/!/ * ��	 �/ !/ 5 5 5 5 5 ,B
/5?5< �/FA#B% 9 .��������� 4(. � 4(. � ��	 �(� � 4(. ;�� 4���
�������� 5 5 5 5 5 5 5 ,:

/5+ ��� .���04(/C (����;���9 ������� ;��� �/�4��� �� 4����� ����� 5 5 5 5 5 5 5 5 5 5 5 :*
/5B 0		��� 4�
����
� 2���������9 077 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 :&

� +< %*%�%��+�-40 41

� += *'�7 *'+��-40 4/

�5& ��� ;��	������
 ����� �(� � ��	 /0C!8� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 :)
�56 ��� 3������ �������� �; . �(� � �8�7/� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 :<

# +� ���'*2�-40 44

!5& 4��� �� !/ �/!2$ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ::
!5&5& 0�������� �
������� �� � /����� >��� .��!/ /9 /0C!8�F!/ �/!2$ 5 5 5 5 ::
!5&56 G�� �� ��� �
������ �/M/ ��� �� !/ �/!2$J 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*&
!5&5)  ���3��� ���������9 $(// 0 0 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*&

!56  ������� �����	�	 ;��� �/#% �� �(� � 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*&
!565& ��� (����;��� 0779 077 0��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*&
!5656 �(� � !/9 �(� �F!/ �/!2$ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*&
!565) �(� � �/9 �(� �F48/ �/!2$ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*&
!565? �(� � G! $9 �(� �FG! $ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*&
!565+ 4(.0/(1� �(� �9 �(� �FA#B% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*6

!5) 2������ �

 �/� ���� �/� ��	 E��� E���� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*6
!5? 2������ /������9 2!C ��	 �N80/ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*6
!5+ .���	��	 .��3��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*6

!5+5& ��

 .���	��	 .��3�� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*6
!5+56 �����
 .���	��	 .��3�� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*6

!5B 4�3��� � /����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*)
!5B5&  ������� � /����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*)
!5B56 4�3��� � /����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*)

!5<  ������� �; . �04(/C 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*)

?
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5& � 02$ ;�� � /����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*+
56 � 02$ ;�� � ����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*+
5) ��� 4(. �(�  �������9 4���
������ � 4����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*<
5? ��� E�����
�� 0/G0C. �A02� 0�2�(�1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*,
5+ ���  ������� �; . � 02$(�1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*,

> +� ��� *'7%�-40 "04

N5& �����
� �; ��� .  �3�����	 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &*:
N56 !��������� �� ����� /0C!8� ��	 �(� � 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&*

N565& �/=�/ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&*
N5656 �/=�/ ��	 �/=�/ #�/ ����	� ;�� � 
�����% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&*
N565) �/=�/ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&&
N565? �@�/ ��	 �@�/ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&&
N565+ '�/ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&&

N5) 0� ( � 7��� �� .���� 8���J 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&&
N5? ���  �
�� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&6

N5?5& 4����� ��� .����� ��	 ��� /�����
�9 407 ��	 407/��1�� 5 5 5 5 5 5 5 5 5 5 5 5 5 &&6
N5?56 ��� .��������� .�� 407 ��	 407$(�76 #407��(2$% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&)
N5?5) /�����
� ��	 (������ �
��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&)
N5?5? 4��� �� 407$(�7� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&?
N5?5+ 2
������ 8� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&?

N5+ ��� �
������ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&+
N5+5& ��� 4����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&+
N5+56 ��� 7��;� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&+
N5+5) ��� 4������� ��	 ��� (���������� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&+
N5+5? ��� N��	����
� ��	 ��
���� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&+
N5+5+ ��� .�
����	 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&B
N5+5B !���� .������� �
������ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&B
N5+5< 4��� .������� �
������9 �$(2$� �E$(2$� � ��	 $(2$� 5 5 5 5 5 5 5 5 5 5 5 5 5 &&B
N5+5, ���  �������
�� ���	 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&B
N5+5: ��� .����� ���	 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&<
N5+5&* ��� 1�����
 ���	 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&,
N5+5&& ���  � 2�3��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&,
N5+5&6 ��� .���
� /��� �� .�������L� .4( 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&,
N5+5&) ��� ���� 4�
����
� �
��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&,

N5B !�������� 0����� !� 407'/��� (���� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&,
N5B5& 0		��� 4�
����
� 2��������� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&:

N5< ��� ����
 .���9 ��� 2������� �; � /����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &&:
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 5& 2������� ��� (���������� 4����	 �; � 4����� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &6*
 56 ����	 ����  �������9 �
������� 7�
��	� .��� 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &6*

 565& �(�7 ! �(� /0C!8�# (�1�A�/!2�.�0��% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &6&
 5656 �(�7 ! �(� /0C!8� �!70# (�1�A�/!2�.�0����.% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &6&
 565) �(�7 ! �(� 4 /0C!8�# (�1�C�/!2�.�0��% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &6&
 565? �(�7 ��E /0C!8�# (�1�C.�A�/!2�.�0��% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 &66
 565+ �������� 7����	����9 �(�7 ��E�/!�# (�1�C.�0��(A�/!2�.�0��% 5 5 5 5 5 5 &66

� �
��-��� �� %������ �
���� "13

� ���%��' 5 �)% �#(%&�#'�� �&%+%����'#� #� ��� "14
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tpsalie_analysis.f90

newlielib.f90Lielib.f90

tpsalie.90

Tpsa.f90

definition.f90

dabnew.f90

newda.f90Berz's TPSA Package:
polynomials are represented
by integer pointers.

New TPSA Package

Analysis  Routines

Both TPSA Taylor series are merged here.
A new type called taylor combines taylorlow
and the integer pointer of Berz's TPSA. The
complex taylor type  and the polymorphic
types are also defined there.

def ine_newda.f90
Defines a new
type called taylorlow

Basic Operations of the TPSA packages
 involving Taylor series are overloaded here,
for example +,-,/, etc... as well as other things such
as derivatives. Here we really overload dab.f and
newda.f90

Here operations on maps are overloaded. A new type
damap is introduced (as well as other useful types).
Map operations are overloaded, for example,
concatenation and inverse.

Finally, at the top, this package overloads various
useful parameterizations of a map: Dragt-Finn,
inverse Dragt-Finn,   vector f ields, vector fields
in resonance basis, and, of course, normal forms.

Code that overloads the Taylor packages
(including that of Berz) as well as the
analysis routines of Lielib

real_polymorph.f90

complex_taylor.90
Allows complex TPSA

 Polymorphic types: Can change at run
time

Complex_polymorph.f90

Complex type is overloaded. The complex type
is made of 2 taylors: TYPE complextaylor

type (taylor) r
type (taylor) i
END T YPE complextaylor

File_handler

Scratch_size

b_da_arrays_all.f90 OR b_da_arrays_f ix.f90

a_scratch_size.f90

New Dynamical allocation of Berz's
Package
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Sh_DEF_KIND.f90

Si_DEF_ELEMENT

FPPFull Polymorphic Package

Se_FRAMESd_EUCLIDEAN

MAIN
PROGRAM

FPP

Sl_FAMILY

Sm_TRACKING

Fitting

User Routines

Lattice
function

Window
routines

Sf_STATUS

Sb_EXTEND_POLY

PTC STRUCTURE

Sj_ELEMENTS

Sn_MAD_LIKE

Fitted B-Field
Element

Sg_0_fitted.f90

Sg_1_TEMPLATE_KIND.f90
Sg_2_TEMPLATE_KIND.f90

Sk_LINK_LIST

Sc_1_POL_TEMPLATE
Sc_2_POL_TEMPLATE

Sa_ROTATION_MIS

So_FITTING
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Overview of the 
“Fully Polymorphic Package”

FPP

Best seen with Internet Explorer 4.0 or above. Sorry!
Set your screen to 1024x768 pixels

Etienne Forest, KEK
With the help of

Frank Schmit (CERN), 
Aimin Xiao (DESY)

and 
David Robin

(LBNL) 

New Stuff: Polymorphism supports kind=0,1,2 and now 3.   Kind=3 is a knob.

Structure of FPP

tpsalie_analysis.f90

newlielib.f90Lielib.f90

tpsalie.90

Tpsa.f90

definition.f90

dabnew.f90

newda.f90Berz's TPSA Package:
polynomials are represented
by integer pointers.

New TPSA Package

Analysis  Routines

Both TPSA Taylor series are merged here.
A new type called taylor combines taylorlow
and the integer pointer of Berz's TPSA. The
complex taylor type  and the polymorphic
types are also defined there.

define_newda.f90
Defines a new
type called taylorlow

Basic Operations of the TPSA packages
 involving Taylor series are overloaded here,
for example +,-,/, etc... as well as other things such
as derivatives. Here we really overload dab.f and
newda.f90

Here operations on maps are overloaded. A new type
damap is introduced (as well as other useful types).
Map operations are overloaded, for example,
concatenation and inverse.

Finally, at the top, this package overloads various
useful parameterizations of a map: Dragt-Finn,
inverse Dragt-Finn,   vector f ields, vector f ields
in resonance basis, and, of course, normal forms.

Code that overloads the Taylor packages
(including that of Berz) as well as the
analysis routines of Lielib

real_polymorph.f90

complex_taylor.90
Allows complex TPSA

 Polymorphic types: Can change at run
time

Complex_polymorph.f90

Complex type is overloaded. The complex type
is made of 2 taylors: TYPE complextaylor

type (taylor) r
type (taylor) i
END TYPE complextaylor

File_handler

Scratch_size

b_da_arrays_all.f90 OR b_da_arrays_f ix.f90

a_scratch_size.f90

New Dynamical allocation of Berz's
Package
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Tpsalie_analysis

The Tpsalie_analysis module was the most upper level module 
prior to the development of the polymorphic packages. It 
overloads the most advanced functions of the LieLib library.

Now we strongly recommend that the module 
polymorphic_complextaylor be included at the top whether or 
not you deal with complex entities.

Let us go to an example

Example: Taylor Expansion of sin(x)
program sine
use polymorphic_complextaylor
implicit none
real*8 x
integer NO,NV
type (taylor) xt

x=0.d0
call double_sine(x)
write(6,*)x

no=5
nv=1
call init(NO,NV,.true.)

call alloc(xt)

call var(xt,0.d0,1)
call tpsa_sine(xt)
call daprint(xt,6)

call kill(xt)

end program sine

subroutine double_sine(x0)
implicit none
real*8 x0,x

x=sin(x0)
x0=x

return
end  subroutine double_sine

subroutine tpsa_sine(x0)
use polymorphic_complextaylor
implicit none
type (taylor) x0,x
call alloc(x)

x=sin(x0)
x0=x

call kill(x)
return
end  subroutine tpsa_sine

Initializes TPSA

Degree of polynomials

Number of variables

xt =  0.d0 + x1 ; Initializes 
the variable xt. The real part 
is 0.d0 and the  TPSA part is 
the monomial x1 .

Garbage Collection: 
Allocates a local TPSA 
and destroys it
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Results of Example

0.000000000000000E+000
Old Berzio  

ETALL     , NO =    5, NV =    1, INA =   20
*********************************************

ORDER        COEFFICIENT           EXPONENTS
NO =     5      NV =     1

1   1.000000000000000          1
3  -.1666666666666667      3
5   .8333333333333333E-02   5
-3   .0000000000000000         0

x=0.d0
call double_sine(x)
write(6,* )x

call init(NO,NV,.true.)

call daprint(xt,6)

Output

There are three important steps in this program. First the real program is called and the sine function
is evaluated on the argument 0.d0
Then the overloaded package is TPSA (actually tpsa.f90 only) is initiated. The value .true. Is passed
to indicate our desire to use dabnew.f, the old TPSA of Berz. The overloading codes responds with 
Old Berzio to indicate that all is OK!

Results of Example…

ETALL     , NO =    5, NV =    1, INA =   20 This first line indicates the name (ETALL), 
the degree (5), the number of variables (1), 
and the actual pointer integer used by Berz 
(20) for this particular polynomial.

ORDER        COEFFICIENT          EXPONENTS
NO =     5      NV =     1

1   1.000000000000000          1
3  -.1666666666666667      3
5   .8333333333333333E-02   5
-3   .0000000000000000         0

As explained before, the variable xt is initializes
as xt =  0.d0 + x1 ; the program then evaluates 
sine(xt)= x1 –(1/3!) x1

3 + (1/5!)x1
5

Only one column of exponents since 
there is only one variable (nv=1) in this run. 

Last line is a termination marker. 
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Initialization of Overloaded TPSA: Init

We did not want to rewrite the old LieLib package. This is a perhaps mistake in the 
long run  but given its practical importance we decided to leave it as is. One drawback 
is that one must write a new LieLib each time a TPSA package is written (see tree). 

Nevertheless it is not necessary to initialize the overloaded routines of LIELIB. 
In the sin(x) function example, only the TPSA packages were activated and LIELIB
was in effect unusable. LieLib was initially written to handle symplectic maps, 
which are of even dimension. Therefore initializing LieLib forces the parameter NV, 
the number of TPSA variables, to be greater or equal to 2. 

Here we will show how one can use the function init to initialize the  TPSA with or 
without LieLib.

INTERFACE init 
MODULE PROCEDURE init_map_cp
MODULE PROCEDURE init_tpsa_cp

END INTERFACE

FORTRAN90 interface in the module
polymorphic_complextaylor

Structure of Init
in polymorphic_complextaylor

init_map_cp

init_tpsa_cp

init

LIEINIT

NEWLIEINIT

LIEINIT

NEWLIEINIT

DAINI

NEWDAINI

DAINI

NEWDAINI

Number of Freedom
of phase space is set to zero
Call init(NO,NV,Old)

Number of Freedom
of phase space is set to 2,4, or 6.
Call init(NO,ND,NP,NDPT,Old)

Old = .true.
Berz's TPSA invoked
through LIEINIT

Old = .false.
NEW TPSA invoked

Actual Interfaced Routines
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Potential Calls to Init:1

There are two possible calls to init as indicated on the previous page:

1) Call init(NO,NV,Old)

2) Call init(NO,ND,NP,NDPT,Old)

The first call enables the TPSA package only. This maybe of some interest when the
calculation has nothing to do with beam dynamics. Being in accelerator physics, I do not
use this option much. For example, in the sine function example, NV was set to 1.

The parameter Old refers to the package being used. At the moment, having only two
packages, we have:

Old=.true.

Old=.false.

Berz’s TPSA package (LBNL/CERN) version

New TPSA package

Potential Calls to Init:2

The call init(NO,ND,NP,NDPT,Old) initializes the tools of LieLib, which are 
overloaded in tpsalie and tpsalie_analysis.

The order of the TPSA package is then:

NV=2*ND + NP

Number of Variables Number of 
Degrees of Freedom

Number of Parameters
(non dynamical)

The parameter NDPT is presently an input. It is related to the normal form process.
It might be removed in future version. We will discuss its importance later.  
The main difference betweeen tpsa alone and tpsalie+ tpsalie_analysis resides in the type
damap and the physical assumption behind that damap. 
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Types in TPSALIE: DAMAP

The type damap is defined as follows:

TYPE damap
type (taylor) v(ndim2) 
END TYPE damap

The constant ndim2 is equal to 6. This reflects the maximum size of the phase space 
dimension we normally considers in accelerator physics. However, when the subroutine
init(NO,ND,NP,NDPT,Old) is called, only 2*ND polynomials are allocated for each damaps.

In mathematical terms, the type damap represents a mapping from R NV to R 2*ND where
each 2*ND (2,4,or 6) entry is a polynomial in NV variables.

It should said that these maps are truly “damap”  (differential algebraic map), in other 
words, when they are concatenated using the overloaded (* ), the constant part is set aside.
To treat them as “TPSA maps” , one must used the new operator (.o.). In that case, constant 
parts are substituted in the polynomials.

Example Program: Create a Rotation
program MAKE_A_MAP
use polymorphic_complextaylor
implicit none
real*8 TWOPI     !defined now in definition.f90 for convenience
integer NO,ND,NP,NDPT
type (damap) M, IDENTITY
type (pbfield) h

NO=5
ND=1
NP=0
NDPT=0
CALL INIT(NO,ND,NP,NDPT,.TRUE.)

call alloc(M)
call alloc(IDENTITY)
call alloc(H)

IDENTITY=1

H=-0.20d0*(TWOPI/2.D0)*(IDENTITY.V(1)**2+IDENTITY.V(2)**2)
M=TEXP(H,IDENTITY)

CALL DAPRINT(M,6)

IDENTITY=M**5

CALL DAPRINT(IDENTITY,6)
call kill(H)
call kill(M)
call kill(IDENTITY)
end program MAKE_A_MAP

Poisson Bracket Operator will be used
to create a rotation of tune 1/5.
The pbfield type and the function Texp
are explained momentarily. 

The (=) sign has been overloaded to
create easily an identity map.

The (** ) has been overloaded on maps
to produce power of concatenation (even)
negative powers.
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Results of Rotation Program
Old Berzio  

ETALL    1, NO =    5, NV =    2, INA =   44
*********************************************

ORDER        COEFFICIENT           EXPONENTS
NO =     5      NV =     2

1   .3090169943749475       1  0
1   .9510565162951535       0  1
-2   .0000000000000000       0  0

ETALL    2, NO =    5, NV =    2, INA =   45
*********************************************

ORDER        COEFFICIENT           EXPONENTS
NO =     5      NV =     2

1  -.9510565162951535       1  0
1   .3090169943749475       0  1
-2   .0000000000000000       0  0

ETALL    1, NO =    5, NV =    2, INA =   46
*********************************************

ORDER        COEFFICIENT           EXPONENTS
NO =     5      NV =     2

1   1.000000000000000       1  0
1  -.4440892098500626E-15   0  1
-2   .0000000000000000       0  0

ETALL    2, NO =    5, NV =    2, INA =   47
*********************************************

ORDER        COEFFICIENT           EXPONENTS
NO =     5      NV =     2

1   .4440892098500626E-15   1  0
1   1.000000000000000       0  1
-2   .0000000000000000       0  0

The map M The map M**5

Types in TPSALIE: Pbfield and Vecfield

The type Pbfield

TYPE pbfield
type (taylor) h 
Integer ifac
END TYPE pbfield

The type Vecfield

TYPE vecfield
type (taylor) v(ndim2)
Integer ifac 
END TYPE vecfield

The pbfield type is a Poisson bracket operator. The exponential of such an object
can act on a damap and produce a damap. The result is a symplectic map. The syntax
was shown in the previous example, i.e., M=TEXP(H,IDENTITY).  In the notation of Dragt, 
we have M=exp(:H:)IDENTITY.  

The vecfield type is a vector field operator. The exponential of such an object
can also act on a damap and produce a damap. The syntax is identical to that of the 
Pbfield, i.e., M=TEXP(H,IDENTITY).  However this operator really does:

M=exp(H⋅∇)IDENTITY

H is truly a a collection of ND2 polynomials as hinted above. 

The integer ifac is usually set to zero. However if the vector field is factorized (something
we discuss later), this flag is set to +1 or –1. (See WARNING further down)
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Pbfield and Vecfield: Continue

It is possible to convert between a vecfield object and pbfield object. For example,
if we have:
Type (vecfield) F
Type (pbfield) H

This is H

ETALL     , NO =    5, NV =    2, INA =   48
*********************************************

ORDER        COEFFICIENT           EXPONENTS
NO =     5      NV =     2

2  -.6283185307179586       2  0
2  -.6283185307179586       0  2
-2   .0000000000000000       0  0

This is F

ETALL    1, NO =    5, NV =    2, INA =   49
*********************************************

ORDER        COEFFICIENT           EXPONENTS
NO =     5      NV =     2

1   1.256637061435917       0  1
-1   .0000000000000000       0  0

ETALL    2, NO =    5, NV =    2, INA =   50
*********************************************

ORDER        COEFFICIENT           EXPONENTS
NO =     5      NV =     2

1  -1.256637061435917       1  0
-1   .0000000000000000       0  0

We see here the Poisson bracket operator 
for a rotation followed by the equivalent 
vector field gotten by the equation F=H.
The reverse equation H=F is self-
consistent only if F is a Hamiltonian 
vector field.

Conclusion on TPSALIE
We have looked at the main functionality of the TPSALIE package, namely the 
introduction of a map of ND2 dimension. This map can be concatenated with a similar 
map, it can be acted upon by a Lie operator (pbfield or vecfield), etc…

Other aspects of TPSALIE will be explained in our detailed description of the routines.

Now we are ready for a short glance at the analysis package, theTPSALIE_ANALYSIS. 
This is truly the package containing the physics relevant to an accelerator. 
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The TPSALIE_ANALYSIS Package

. This package is truly devoted to analysis of damaps. Its most important type is the 
normalform.

Normal forms are central concepts in the generalization of the Courant-Snyder theory to 
maps in general and also to time dependent vector fields, such as Hamiltonians. Since TPSA 
allows us to compute one-turn maps easily, the first thing we can do is to ask about its 
normal form. A normal form arises naturally when we investigate questions of stability in a 
periodic system. For example in a linear one-degree-of-freedom (ND=1) system a normal 
might be the statement:   

M=A*R*A**(-1)

One turn-map computed 
by tracking code overloaded
with TPSA

Rotation: Normal Form
Canonical Transformation
A and its inverse.

Useful Parameterization of Lie Maps
DRAGT-FINN

TYPE DRAGTFINN
REAL(8)  constant(ndim2) 
type (damap) Linear 
type (vecfield) nonlinear 
type (pbfield) pb
END TYPE DRAGTFINN

This is the so-called Dragt-Finn represention of a Lie map. 
The map is represented as follows:

M=MLinearexp :F2⋅∇: exp :FNO⋅∇:

The linear Mlinear part will be stored df.linear. 
The nonlinear part will be stored into df.nonlinear and the equivalent Poisson bracket operator 
into df.pb
The constant part will contain the constant part of the original map dm.

Suppose we define a Drag-Finn map df and a damap dm: 
Type (dragtfinn) df
Type (damap) dm

Then, through the overloading of the assignment (=), the line df=dm will produce the 
Dragt-Finn representation of dm.

NB: The operations damap=Texp(df.nonlinear,damap) and 
damap=Texp(df.pb,damap) are now permitted. In fact the vecfield and pbfield types know 
what they are through ifac.
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Useful Parameterization of Lie Maps
REVERSE-DRAGT-FINN, ONE-LIE-EXPONENT

TYPE REVERSEDRAGTFINN 
REAL(8)  constant(NDIM2) 
type (damap) Linear 
type (vecfield) nonlinear 
type (pbfield) pb
END TYPE REVERSEDRAGTFINN 

M=exp :FNO⋅∇: exp :F2⋅∇: MLinear

Everything is the same as with the Dragt-Finn representation except that the order is 
reversed.

Another parametrization is the One-Lie-Exponent parameterization. The type definition is:

TYPE ONELIEEXPONENT
REAL(8)  CONSTANT(NDIM2),EPS
type (vecfield) vector 
type (pbfield) pb
END TYPE ONELIEEXPONENT

M=exp :F⋅∇:

The vector field is computed by an iterative 
procedure which fails if M is far from the 
identity.

The Mother of all Types: Normal Form

The Normal form is central to accelerator theory. It generalizes concepts such as the 
Courant-Snyder theory to nonlinear systems, coupled systems, and radiative systems.
It also applies to hyperbolic systems as they are found near unstable fixed points 
(resonance extraction for example). 

ALinear
-1 exp -:A2⋅∇: exp -:ANO⋅∇:exp :ANO⋅∇: exp :A2⋅∇: ALinear

NLinearexp :N2⋅∇: exp :NNO⋅∇:

A1M A1
-1× ×

=

Transformation which brings
the map to its parameter dependent 
fixed point.

Original Damap

Transformation which brings the map to
its normal form. The normal form process
produces naturally a reverse Dragt-Finn map.
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The Normal Form Type:1
TYPE normalform
type (damap) A_T
type (damap) A1 
type (reversedragtfinn) A 

type (dragtfinn) NORMAL
type (damap) DHDJ 
real(8) TUNE(NDIM),DAMPING(NDIM) 
integer nord,jtune,
integer NRES,M(NDIM,NRESO),PLANE(NDIM)
logical AUTO
END TYPE normalform

exp :ANO⋅∇: exp :A2⋅∇: ALinear

A1

N Linearexp :N2⋅∇: exp :NNO⋅∇:

The parameter nord is usually set to NO by default. It must be between 1 and NO. It indicates
that the map is brought to its parameter dependent fixed point to order nord .  Now is a good 
time to discuss the parameter NDPT of the subroutine INIT.

Role of NDPT: In the absence of a cavity and radiation, the longitudinal motion is drift-like in 
nature. In that case the energy, which is canonically conjugate to time, is a constant of the 
motion as well as a canonical variable. Because the longitudinal plane is normally the 3rd

degree of freedom, the energy will be the 5th or 6th variable. The value of NDPT is precisely 
equal to 5 or 6, i.e., depending on where the energy is.

Not discussed; on its way out.

Total A for convenience

The Normal Form Type:2
When NDPT is either 5 or 6, the normal form is called a coasting beam normal form. The 
transverse planes are reduced to rotations while the longitudinal plane becomes drift-like. 
The time of flight (or path length) increases proportionally to the energy deviation. The 
coefficient of proportionality is related to the momentum compaction. 

The damap DHDJ of the normal form contain the tunes and momentum compaction 
including the nonlinear parts. They are written in Cartesian basis in the first ND entries of 
the  map and in resonance basis in the last ND entries. The resonance basis will be discuss 
soon.

However, if resonances can be left in the map, this is achieved by filing up the variables 
NRES and M(NDIM,NRESO). For example, a 3Qx resonance can be left in the normal form 
N by choosing:

NRES=1
M(1,1)=3  
M(2,1)=0 
M(3,1)=0

One Resonance only

m=(3,0,0)�m⋅Q=3Qx
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The Normal Form Type:3
For convenience the tunes and damping are stored in the arrays:

TUNE(NDIM),DAMPING(NDIM) 

These are linear parts only; in the coasting beam normalization (NDPT=5 or 6) the 
momentum compaction is stored in TUNE(3). The array DAMPING contains the damping 
coefficients when the map is not symplectic (radiation).

The parameter JTUNE is used in the radiative case. When the linear part of the map is 
nonsymplectic (i.e. damping is present), it is possible to remove all nonlinear terms by 
normal form. In this case JTUNE is set to one. However this is not desirable in 
accelerator physics, thus the default for this option is JTUNE=0.

Finally the logical AUTO is set to .true. if  the normal form should be done without user 
interaction. Otherwise it should be set to .false. This affects the linear part of the normal 
form, the calculation of ALinear.

We now go to a simple example of a normal form!

Example: the Pendulum
program pendulum
use polymorphic_complextaylor
type (pbfield) h
type (taylor) ht,x,px
type (damap) M ,A
type (NORMALFORM) N
integer NO,ND,NP,NDPT
REAL*8 K,DT,OMEGA,TWOPI

NO=4
ND=1
NP=0
NDPT=0
K=1.D0
DT=0.01D0
TWOPI=DATAN(1.D0)*8.D0
OMEGA=1.D0

Call INIT(NO,ND,NP,NDPT,.true.)

CALL ALLOC(M)
CALL ALLOC(A)
CALL ALLOC(N)
CALL ALLOC(H)
CALL ALLOC(HT)
CALL ALLOC(X)
CALL ALLOC(PX)

M=1
X=M.V(1)
PX=M.V(2)

HT=PX**2/2.D0+2.D0*(TWOPI*OMEGA)**2*DSIN(X/2.D0)**2
H=-DT*HT

M=TEXP(H,M)
N.AUTO=.TRUE.
N=M
A=N.A

N.DHDJ.V(1)=N.DHDJ.V(1)/DT
N.DHDJ.V(2)=N.DHDJ.V(2)/DT

CALL DAPRINT(N.DHDJ,6)

N.DHDJ=N.DHDJ*A**(-1) (See result)
CALL DAPRINT(N.DHDJ.V(1),6)

CALL KILL(M)
CALL KILL(A)
CALL KILL(N)
CALL KILL(H)
CALL KILL(HT)
CALL KILL(X)
CALL KILL(PX)
end program  pendulum

Hamiltonian

Lie operator for time=DT

M is set idendity

Creates the map

Normalizes the map

Put A in a damap

Tune shift per DT,i.e., 
1/period=T-1
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Pendulum: Theory

H=
Px

2

2
+2(2πω)2sin2 x/2

The Hamiltonian is given by:

The period T of oscillation can be expressed in terms of the initial displacement d of the 
pendulum. 

T= 1
πω

dx
sin2(d/2)-sin2(x/2)

0

d

This period can be re-expressed so that it is easily expandable in power of d. 

T= 2
πω

dx
1-x2 1-sin2(d/2)x2

0

1

= 1
ω 1+ d2

16
+

Pendulum: Theory….

The tune Q is just T-1. Thus we have T-1= 1
ω 1- d2

16
+ .

This is to be compared with the result of the program pendulum.

ETALL    1, NO =    4, NV =    2, INA =   59
*********************************************

ORDER        COEFFICIENT           EXPONENTS
NO =     4      NV =     2

0   1.000000000000001       0  0
2  -.6249999999999998E-01   2  0
2  -.1583143494411528E-02   0  2
4   .3255208333333329E-02   4  0
4  -.1816038638913219E-17   3  1
4  -.9894646840072043E-04   2  2
4  -.2626164852475825E-19   1  3
4  -.1253171661948771E-05   0  4
-8   .0000000000000000       0  0
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Conclusion

In this document we have presented an overview of the original package prior to 
polymorphism. The actual code which does the overloading is easy to understand. In fact, just 
a knowledge of FORTRAN77 and a little intuition is enough to understand all the work that 
was done and even modify it.

Obviously the easiest package to understand is TPSA.f90. This package overloads the 
operation of Taylor Series and nothing else. One subtlety is thecreation of scratch variables; 
for example a Berz-TPSA polynomial is just an integer pointing to a big array in Berz’s 
package. The reader can see that creating a “scratch integer”  would not be of much help. 
Therefore a routine called ASS assigns scratch TPSA polynomials to the overloading 
package. (The Scratch variable scheme had to be modified to permit polymorphism)

The rest of the package is easy to understand from a programming standpoint: just more of 
the same. However from a physics standpoint it makes sense only to those who have invested 
time in map methods and their relevance to tracking codes. We could go into the theory of 
normal forms in great detail here. We hope that the examples, plus access to the relevant 
references, will shed some light.

New Things
Complex TPSA and Real 

Polymorphism

• Complex_Taylor.f90 : the complex 
equivalent of TPSA.f90

• Real_polymorph.f90 : a type which can 
change at run time. 

• Complex Polymorph
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program test_complex
Use polymorphic_complextaylor    !As usual include the upper most library
implicit none
integer no
type (complextaylor) c 
type (taylor) a 
double complex i

no=4
call init(no,3,.true.)

call alloc(a)
call alloc(c)

a=1.d0
a=a+(5.d0.mono.'10')
a=sin(a)

call daprint(a,6)

i=dcmplx(0.d0,1.d0)

c=1.d0
c=c+(5.d0.mono.'10')
c=(exp(i*c)-exp(-i*c))/2/i         ! That should be a the sine

call daprint(c,6)

end program test_complex

Example of Complex Type

What is INIT?

PROGRAM TEST_POLYMORPHISM
USE POLYMORPHIC_COMPLEXTAYLOR
IMPLICIT NONE
INTEGER NO,I,NSTEP
TYPE (REAL_8) L,K,X(2),DL

CALL ALLOC(L)
CALL ALLOC(K)
CALL ALLOC(X,2)
CALL ALLOC(DL)

NSTEP=1000
NO=4
CALL INIT(NO,1,2,0,.TRUE.)

X(1)=0.D0
X(2)=0.D0
L=2.0
K=1.5
DL=L/NSTEP

DO I=1,NSTEP
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
X(2)=X(2)-DL*K*X(1)
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
ENDDO

CALL PRINT(X(1),6)
CALL PRINT(X(2),6)

X=2

X(1)=0.D0
X(2)=0.D0

DO I=1,NSTEP
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
X(2)=X(2)-DL*K*X(1)
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
ENDDO

CALL PRINT(X(1),6)
CALL PRINT(X(2),6)

END  PROGRAM TEST_POLYMORPHISM

For security, variables are 
first initialized in a sexless 
state: not real, not TPSA

The TPSA packages are 
initialized using INIT.

These lines initializes the 
polymorph as real*8

Integrate a quadrupole in 
canonical variables in one degree 
of freedom

Prints the results, which should 
be real*8!

A Simple Example

This array of polymorph is set to integer. This operation would be 
almost meaningless for a real array. In fact, when a polymorph is to 
an integer, it is ready to transform itself into TPSA as well as any 
polymorph it encounters.

In fact, X=2 means that X(1) will be a polynomial of the first TPSA 
variable while X(2) will be a polynomial of the second TPSA 
variable. 

Thus X(1)=0.d0 means X(1)= 0.d0+x1 while X(2)=0.d0 implies 
X(2)= 0.d0+x2 . 

What is INIT?
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Revisited Simple Example: 
Polymorphism using kind=0

program test_polymorphism
Use polymorphic_complextaylor
implicit none
integer no,i,nstep
type (real_8) L,K,x(2),DL

CALL ALLOC(L)
CALL ALLOC(K)
CALL ALLOC(X,2)
CALL ALLOC(DL)

nstep=1000
no=4
call init(no,1,2,0,.true.)

X(1)=0.D0
X(2)=0.D0
L=2.0
K=1.5
DL=L/NSTEP

do i=1,NSTEP
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
X(2)=X(2)-DL*K*X(1)
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
ENDDO

CALL PRINT(X(1),6)
CALL PRINT(X(2),6)

CALL RESET(L)
CALL RESET(K)
CALL RESET(X,2)
write(6,*) " Control Integers for X(1) and X(2) "
read(5,*) X(1)%i , X(2)%i
write(6,*) " Control Integers for K and L "
read(5,*) K%i , L%i

X(1)=0.D0
X(2)=0.D0
L=2.0
K=1.5
DL=L/NSTEP

do i=1,NSTEP
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
X(2)=X(2)-DL*K*X(1)
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
ENDDO

CALL PRINT(X(1),6)
CALL PRINT(X(2),6)

End program test_polymorphism

Variables are reset.

The variable future TPSA 
status is set here.

The variables are 
initialized.

A variable which is reset becomes temporarily kind=0.
Then, depending on the control integers, it will turn into 
either a taylor series or a real upon assigning a real 
number to it.

The other way to produce parameter dependence is a 
knob  (kind=3).

A variable is set kind=3.

Kind=3 act as knobs and cannot themselves change unless 
the global logical setknob is set to true (defauted to false). 
A knob is taken into account if the logical knob is true 
(defaulted to false). Knobs should always be used in 
conjunction with TPSA calculations since even if 
knob=.false. , FPP calls the TPSA package for knobs. 

Revisited Simple Example: 
Polymorphism using kind=3

program test_polymorphism
Use polymorphic_complextaylor
implicit none
integer no,i,nstep
type (real_8) L,K,x(2),DL

CALL ALLOC(L)
CALL ALLOC(K)
CALL ALLOC(X,2)
CALL ALLOC(DL)

nstep=1000
no=4
call init(no,1,2,0,.true.)

X(1)=0.D0
X(2)=0.D0
L=2.0
K=1.5
DL=L/NSTEP

do i=1,NSTEP
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
X(2)=X(2)-DL*K*X(1)
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
ENDDO

CALL PRINT(X(1),6)
CALL PRINT(X(2),6)

K%kind=3  !CALL RESET(L)
L%kind=3  !CALL RESET(K)
CALL RESET(X,2)
write(6,*) " Control Integers for X(1) and X(2) "
read(5,*) X(1)%i , X(2)%i
write(6,*) " Control Integers for knobs K and L "
read(5,*) K%i , L%i

X(1)=0.D0
X(2)=0.D0
! L=2.0
! K=1.5
DL=L/NSTEP

do i=1,NSTEP
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
X(2)=X(2)-DL*K*X(1)
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
ENDDO

CALL PRINT(X(1),6)
CALL PRINT(X(2),6)

End program test_polymorphism

Only X(2) is reset. Notice 
that it cannot be a knob.

The variable future TPSA 
status is set here.

The variables are not re-
initialized anymore for 
kind=3.
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Analyzing the resulting map
program test_polymorphism
Use polymorphic_complextaylor
implicit none
integer no,i,nstep
type (real_8) L,K,x(2),DL
type (damap) the_quad
type (normalform) N

CALL ALLOC(L)
CALL ALLOC(K)
CALL ALLOC(X,2)
CALL ALLOC(DL)

nstep=1000
no=4
call init(no,1,2,0,.true.)

write(6,*) " Control Integers for X(1) and X(2) "
read(5,*) X(1)%i , X(2)%i
write(6,*) " Control Integers for K and L "
read(5,*) K%i , L%i

X(1)=0.D0
X(2)=0.D0
L=2.0
K=1.5
DL=L/NSTEP

do i=1,NSTEP
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
X(2)=X(2)-DL*K*X(1)
X(1)=X(1)+(DL/2.D0)*X(2)/DSQRT(1.D0-X(2)**2)
ENDDO

CALL PRINT(X(1),6)
CALL PRINT(X(2),6)
call alloc(the_quad)
call alloc(N)
the_quad=x
n%auto=.true.
N=the_quad
call daprint(N%dhdj%v(1),6)

End program test_polymorphism

Creates a damap and a normal form.
Copies array of polymorphs into a damap.
Normalizes map; the result in N.

What is a normal form?

What is a damap?

The Definition File: Constants
This file contains comments, definition of constants and arrays, and finally definition of 
the basic types.

module definition 
use define_newda
use scratch_size
implicit none
logical :: newread=.false. ,newprint =  .false. , first_time = .true.
logical :: print77=.true. ,read77 =  .true.
logical :: no_ndum_check = .false.
logical :: setknob = .false., knob=.true.
double complex i_
double precision RAD_TO_DEG_, DEG_TO_RAD_,pil,pim,twopi
parameter (twopi=4.d0*1.57079632679489661923132169163975d0 )
parameter (pil=1.57079632679489661923132169163975d0-0.4d0 )
parameter (pim=1.57079632679489661923132169163975d0+0.4d0 )
parameter (RAD_TO_DEG_=57.2957795130823208767981548141052D0)
parameter (DEG_TO_RAD_=0.0174532925199432957692369076848861d0)
integer master,lnv
parameter (lnv=100)

This imports the definition of a taylorlow. 

Newread and newprint are a format used to accommodate a large 
number of variable for taylorlow. They are set to false.

Old printing format used mainly by the code Sixtrack90 of Schmidt. 
They are set to false.

The rest of these parameters are self evident except perhaps pil and pim. These are used 
in the polymorphic implementation of datan2 and datan2d. Essentially datan2 cannot be 
extended easily to Taylor series. Instead we must used datan away from ±90° and use 
dacos in the vicinity of ±90° ; pil and pim define the meaning of vicinity. 

Number of variables in polynomials.
LNV=100 Maximum size of Newda. Berz’s Package is set at nvmax=40. 

Controls the behavior of knobs, i.e., polymorphs kind=3 

This imports the size of scratch layers
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TYPE taylor
INTEGER I ! integer is a pointer in old da-package of Berz
type (taylorlow) j ! Taylorlow is the newda Taylor series
END TYPE taylor

TYPE complextaylor
type (taylor) r 
type (taylor) i 
END TYPE complextaylor

! this is a real polymorphic type
TYPE real_8
type (taylor) t 
real*8 r
logical alloc
integer kind
integer i
double precision s   ! scaling factor : useful in big tracking codes
END TYPE real_8

! this is a real polymorphic type
TYPE double_complex
type (complextaylor) t 
double complex r
logical alloc
integer kind
integer i,j
double precision s   ! scaling factor : useful in big tracking codes
END TYPE double_complex

!Radiation 
TYPE ENV_8
type (REAL_8) v
type (REAL_8) e(ndim2)
END TYPE ENV_8

The Definition File :Fundamental Types

These are the four fundamental types void of physics and the polymorphic
ENV_8 used in a tracking code.

The type Taylor is just an ordinary taylor series. It can be created by the 
old DA-package of Berz or by newda. Technically more tpsa packages 
could be brought in.

The type complextaylor contains a real and imaginary part. Standard 
operations are permitted. In 

The Definition File :Scratch variables
integer ndum,ndumt ,ndummax
parameter (ndum=5,ndumt=6,ndummax=100) ! ndum is used only for dummy maps now
integer, parameter :: ndumuser(ndumt)=(/72,45,22,22,22,22/)
!  scratch variables
INTEGER iassdoluser(ndumt)
integer DUMMY,temp                       
integer DUMuser(ndumt,ndummax)
integer iass0user(ndumt)  
integer ndim2,NDIM
parameter( ndim2 = 6)
PARAMETER (NDIM=NDIM2/2)
integer   mmmmmm1,mmmmmm2,mmmmmm3,mmmmmm4
parameter (mmmmmm1=1,mmmmmm2=2,mmmmmm3=3,mmmmmm4=4)
type (taylorlow) DUMluser(ndumt,ndummax) 
type (taylorlow) DUMMYl,templ             !,DUMl(ndum)

Global scratch variables represent perhaps the most subtle and annoying point of this package. I 
will first give the reason for their existence. Consider the following line 

a=(a+b)+(c+d) where a,b,c, and d are taylor types.

The compiler will need to put (a+b) is a scratch memory location m1 and then (c+d) in a scratch 
memory location called m2 . When the variables are real*8, then compiler knows exactly what kind 
of memory needs to be allocated and does it automatically. In the case of taylor series or any other 
fundamental types such as complextaylor or polymorphs, the compiler is incapable of allocating by 
itself the proper memory. In addition if we allocate memory, we must also destroy it. This requires
a severe problem of garbage collection which one cannot do easily in FORTRAN90. In addition, 
allocation and deallocation of dynamical variables (as used by the type taylorlow) slows down 
computation. 

The solution adopted here is to use global scratch variables. There are six layers of such variables 
as indicated by the constant ndumt. This could be change. 

Tells what layer of scratch variables is being used

Integers used to identify the state of a polymorph (kind) 
and perform the appropriate operations. 

Stuff in italic is now imported from 
a_scratch_size.f90

Number of scratch variables in each layer
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More on scratch variables
Consider the expression

a=(a+b)+(c+d)+(f+e)

S1 S2 S3

S4

a=                  S5

The reader will notice that the compiler may require 5 scratch variables if it is not too cleaver and only 3 if cleaver. 
Unfortunately, as a programmer,  we have no way to overload the parentheses “ (”  and  “ )” . This means that we 
must for safety use 5 scratch variables. Since we can, of course, overload the “=”   sign, we know that the 
assignment a=(a+b)+(c+d)+(f+e) did not use more than 5 scratch variables. 

In summary,when our package uses one of the layers of scratch variables, it checks within an assignment if the 
number used, in this case 5, exceeds the number of the layer ndumuser(i) in the i th layer. If so a severe warning is 
sent.

Finally, why many layers? Several layers are needed if new types are defined in terms of older ones containing 
taylor types. This is also true if the user insists on using functions rather than subroutines. We discourage this 
practice but if necessary, one must mimic the kind of footwork when one accesses a deeper layer of scratch 
variables. If there are not enough layers, a severe warning is sent and the user must increase the variable ndumt.

We now show an example of the use of a new layer in the case of a function of type complextaylor 

function tBst4(V0,w,a,h)
implicit none
type (complextaylor) tBst4
real*8, INTENT (IN) ::   v0,a,h
type (complextaylor), INTENT (IN) ::  w
integer localmaster

localmaster=master 

call ass(tBst4)

tBst4 = V0* i_*w/a 

master=localmaster

end function tBst4

Simple example of scratch layer

The identity of level prior to the function being called is stored 

The prior level is restored 

The complextaylor tBst4 is assigned to a scratch variable of the level master+1. 
If master+1 exceeds the maximum number of levels ndumt, then the code 
terminates and a warning message is issued. 

If the maximum number of scratch variable is breached, the user can modify 
his code or add another layer. To do this a few changes need to be do through 
out the package. This is explained in the next slide.
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Adding a 7th Layer and Warnings

To achieve this it suffices to change ndumt and add one more parameter in ndumuser.
The only changes are in definition.f90  
All other upgrades are automatic.

parameter (ndum=20,ndumt=7,ndummax=100)
integer, parameter :: ndumuser(ndumt)=(/20,45,22,22,22,22,20/)

It is a simple task. It is true that one could have written a complex garbage collection schemes, where 
instead of layers, one simply rotates through a large number of scratch variables. The advantage of layer 
is in our ability to check using the overloaded equal sign on the adequacy of each layer. The 
check_snake routine is called on routines overloading the assigment operator (=).

N.B. There are two things which are obviously dangerous. 

1) A recursive function. FORTRAN90 allows it. It should work but I have not tried it. It should be 
written with the same care as the example tBst4. 

2) An expression inside the call of a function or subroutine. For example,  call my_sub(a+a,b) . 
Normally subroutines can be written without invoking a new layer of scratch variables unlike 
functions. In other words the care used in the example tBst4 is not necessary. This makes 
overloading a real easy task. This is because the values passed or returned by a subroutine do not sit 
in an algebraic expression. In a call such as “call my_sub(a+a,b) ”  the variable a+a is an expression. 
Inside the subroutine the same layer of scratch variables will be used with the possibility that the 
intermediate variable a+a will be overwritten without the user’s knowledge. Please avoid this kind of 
syntax.
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